Diagnostic cardiac catheterization and percutaneous coronary interventions (PCIs) are critical components of the diagnosis and treatment of patients with coronary artery disease. As the prevalence of heart disease increases in our aging population and increasingly aggressive invasive approaches are developed for the treatment of coronary artery disease, the number of cardiac catheterization procedures performed yearly continues to rise. In the U.S., an estimated 1,194,000 in-patient cardiac catheterizations were performed in 1997 along with nearly 500,000 PCIs (1) .
Since Andreas Gruentzig performed the first human angioplasty, PCI has rapidly evolved to be a highly successful strategy for achieving myocardial revascularization in patients with coronary artery disease. The PCI mortality rate has decreased in the present era to a fraction of 1%. The number of PCI procedure-related complications leading to myocardial infarction or emergent coronary artery bypass graft surgery has decreased considerably to fewer than 3% each (2) . Intracoronary stenting with PCI has taken center stage at the end of the second decade of interventional cardiology. Between 1993 and 1997, stents became commonplace, leading to improved procedural success rates, decreased in-hospital complication rates, and decreased restenosis rates. With the advent of new devices and pharmacological therapies, the risk of adverse outcomes associated with PCI has further decreased. Procedural success rates and complication rates of conventional balloon angioplasty have improved with the introduction of directional coronary atherectomy, rotational atherectomy, extraction atherectomy, and other so-called niche catheter devices. New catheter devices such as filter systems and distal occlusion/aspiration systems are now being introduced. These devices help to minimize periprocedural myocardial infarctions that occur during PCI performed in diseased saphenous vein grafts associated with the release of embolic debris distally in the coronary vasculature. The major drawback of PCI, an unacceptable restenosis rate, is presently being approached with newly developing treatments such as coronary brachytherapy and the use of chemotherapy-eluting stents.
For more than 24 years, large-scale registries and databases have been used to accumulate data on PCI and, to a lesser extent, cardiac catheterizations (3). These registries have been used to study patient and procedural characteristics, post-procedure treatments, immediate in-hospital outcomes, and long-term outcomes. Many different analyses of these data have been performed in an effort to improve the quality of care that coronary patients receive. Quality improvements have come about primarily through a greater understanding of the risks and benefits of PCI, both globally for given patient populations and individually for patient procedure risk stratification. This effort has been critical for the original balloon angioplasty procedure and more importantly for the introduction of new devices and the role of PCI in myocardial infarction.
HISTORICAL DEVELOPMENT OF THE ACC-NCDR™
Among the greatest challenges of cardiovascular data analysis are the frequency of changing treatments, confusing terminology, nonstandard definitions, and the lack of applied data standards. Although some commonality of language existed, it had not been formal or rigorous. Recognizing these challenges as an opportunity for professional society leadership and guidance, the American College of Cardiology (ACC) set out in 1987 to create a database to standardize what and how information was collected for patients receiving cardiac catheterizations and PCI. This ACC initiative began with the formation of a Database Committee under the leadership of Suzanne B. Knoebel, MD, FACC. The committee explored various strategies for improving the collection and evaluation of cardiovascular data. As a result, in 1990 the ACC pursued a venture with Summit Medical Systems, Inc to distribute software that would electronically manage the collection of 411 ACC core data elements with annual data harvests to their central repository. A full description of the historical development of the ACC-NCDR™ is presented elsewhere (4) . From 1991 to 1996, the ACC Data Registry and Summit Medical Systems, Inc., enrolled more than 300 hospitals and collected data on more than 301,125 cardiac catheterizations and 166,082 PCIs. The first report of aggregated data from 1991 through January 1996 was reported in late 1996.
Creation of the First Data Set: Cath Lab Module Version 1.1
In planning the original data set, the Database Committee and its Interventional Subcommittee specified that periodic revisions would be required as clinical practices changed and new information became available. In 1994, the ACC Database Committee pursued an updated version of the original catheterization laboratory core data elements that were scientifically valid and feasible in practice. This project, which soon became an integrated series of related projects, began the arduous process of identifying which clinical variables were needed to properly characterize patients, and then developing definitions and data standards that could be used to collect and analyze these variables in a rigorous manner.
In 1997, under the leadership of William S. Weintraub, MD, FACC, the ACC Board of Trustees approved Cath Lab Module version 1.1 (v1.1), with data collection beginning in November 1998 by approximately 150 U.S. hospitals. Cath Lab Module v1.1 consists of 141 core data elements with standard definitions that focus on adult patients seen in cardiac catheterization laboratories who were undergoing diagnostic catheterization and/or PCI. This Cath Lab Module is oriented around patients rather than procedures. It allows longitudinal tracking and gives participants a way to monitor the impact of specific procedures over time or to examine the effect of multiple procedures performed on a single patient.
At the same time, the Board of Trustees approved several important strategic decisions that would propel the ACC into a new age of clinical information warehousing by drastically increasing the support and services provided to hospitals collecting and submitting clinical data. This was accomplished by the following steps:
1. Establishing the National Cardiovascular Data Registry™ (ACC-NCDR™), which would be housed at the Heart House, Bethesda, MD (ACC headquarters); 2. Allowing ACC software certification open to all viable and committed commercial vendors; 3. Hiring clinically trained personnel to support and recruit ACC-NCDR™ participants; 4. Using the ACC-NCDR™ as a data processing and data quality feedback facility; 5. Increasing the frequency of participant data submissions from annually to quarterly, allowing for more timely reporting.
In November 1998, all previous ACC Data Registry participants were required to re-enroll with the ACC-NCDR™, of which 75 did by December 1998. Approximately five new software vendors obtained ACC software certification. Simultaneously, Summit Medical Systems, Inc., announced it was no longer planning to provide clinical registry software products and support. Since the launch of the ACC-NCDR™, participant enrollment and vendor software certifications have continued to grow, with a current total of more than 350 enrolled participants and 16 certified software vendors.
The Big Revision: Cath Lab Module v2.0b
New technologies and scientific evidence in the catheterization laboratory during the past two years created the need for the ACC to update v1. Some of these modifications resulted from the growing use of glycoprotein IIb/IIIa inhibitors, increased use of stents, and the introduction of groin closure devices. Additionally, our early experience with v1.1 revealed problems with some of the data definitions (for example, the definitions of unstable angina and non-Q-wave myocardial infarction in the new era of troponin measurement). In-depth comparisons exposed discrepancies between v1.1 and other large databases. In addition, the ACC had recognized that development of practice guidelines and performance measures was a legitimate and necessary effort for professional societies to undertake to aid clinicians in promoting quality of care. The ACC-NCDR™ Cath Lab 2.0b Module was created to become a key component in collecting data elements to track such performance and outcome measures related to the catheterization laboratory. The resulting Cath Lab Module v2.0b was approved by the ACC-NCDR™ Planning and Management Task Force 
OPERATIONALIZING THE ACC-NCDR™
The main objective of the ACC-NCDR™ is to become the most comprehensive comparative database for both inpatient and out-patient cardiovascular care available in the U.S. Since institutions began enrollment in the ACC-NCDR™ in November 1998, it has grown to represent 350 participants (hospitals, free-standing laboratories, and adult cardiology practices) (Fig. 1) . In addition several international cardiology societies have begun to adopt the standards and definitions included in the Cath Lab Module v2.0. The ACC is also planning to open ACC-NCDR™ enrollment to members of the international cardiology community.
ACC-NCDR™ Contracted Software Products
The ACC-NCDR™ contracts with commercial software vendors who have agreed to provide certified software (adhering to ACC clinical and coding data standards) to interested institutions. Participating institutions obtain certified software that allows them to systematically collect data about care provided to patients undergoing diagnostic cardiac catheterization or PCIs. After obtaining certified software, participants are able to submit data to the ACC-NCDR™ (Fig. 2) .
Participants receive quarterly Call for Data letters that describe in detail the process for submitting data to the ACC-NCDR™. Data are exported via certified software and either e-mailed or mailed to the ACC-NCDR™. The database uses encrypted identifiers, a system that preserves patient and physician confidentiality while permitting a longitudinal, patient-oriented view of the data. In addition, data are warehoused in a secure information system at the ACC.
ENSURING QUALITY DATA
Since 1998, the ACC-NCDR™ has received data on more than 414,000 admissions, 354,754 cardiac catheterizations, and 169,098 PCIs from institutions of various sizes and geographic locations, including both urban and rural settings, that are representative of both community and academic sites within the U.S. (Fig. 3) . The ACC-NCDR™ uses a number of educational opportunities to ensure the quality of these data such as annual user group meetings, participant workshops, a participant training manual, newsletters, clinical support staff, and plans for future auditing. 
Participants have used the ACC-NCDR™ to facilitate quality improvement activities and to provide national comparative data benchmarks. The most recent annual user group meeting was held in March 2001, with more than 180 attendees who presented oral and poster presentations on local cardiovascular quality improvement initiatives and efficient data collection systems.
The most important component of the data quality check and improvement process is the Data Quality Report (DQR), which is sent to participants after each data submission. The DQR provides feedback on the overall quality of the data submission and is used as a tool to help participants prioritize data cleaning efforts before they resubmit data. The DQR is composed of three distinct sections: 1) Inclusion Threshold Report; 2) Date Validation Report; and 3) Data Consistency Report.
Under the leadership of Dr. Richard Shaw, Chair of the Outcomes Subcommittee, inclusion thresholds were developed and implemented in 1999 to ensure data reported for the ACC-NCDR™ were complete and consistent. The Inclusion Threshold Report is based on select inclusion categories that represent core data elements that are critical for analysis of the following: Risk-adjusted mortality and patient outcomes; performance measures; outcomes analysis; patient demographics; and procedure description.
Threshold values for core data elements vary, ranging from 95% to 100%, depending on the category identified. For example, the threshold value for the core data element "discharge status (alive or expired)" is 100%. In other words, 100% of the patients in a data submission must include a valid (alive or dead) answer for this data element. If this element is left blank, the error is displayed in the DQR.
The Date Validation Report selects patient records that could contain a data entry error in the date fields. Such errors would affect the statistics calculated for age, postprocedure length of stay, and total length of stay.
The Data Consistency Report offers the participant overall information about the number of records in a data submission that were submitted compared with the number of records that were loaded into the ACC-NCDR™.
The ACC-NCDR™ began distributing the threshold component of the DQR in the fall of 1999, and the percent of data submissions meeting the threshold increased from 37% for data submissions in 1998 to 90% for data submissions in the fourth quarter of 2000 (Fig. 4) .
Reports
Institutional reports are published for all enrolled participants on a quarterly and annual basis. These confidential reports compare each institution's outcomes, including riskadjusted mortality, with the overall experience of the registry. A comparison group option (selected by each participant, e.g., all teaching hospitals or a regional hospital comparison) is being developed for upcoming reports. In each institutional report, data are displayed for patients undergoing diagnostic cardiac catheterizations and PCI.
The profile, which focuses on PCI, presents adverse outcomes for all PCI patients and those with and without acute myocardial infarction. Additionally, adverse outcomes are stratified for patients with and without coronary artery bypass surgery during the same hospitalization.
PUBLICATION AND PRESENTATION OF ACC-NCDR™ DATA
The ACC presented more than 10 abstracts from 1999 to 2000 at national scientific meetings (AHA, ACC, and AHA/ACC Scientific Quality Forums) and plans for 10 more abstract submissions and 2 manuscript publications over the next 12 months. These activities will be facilitated by the Publications Development Subcommittee, cochaired by John F. Williams, MD, MACC, and Ralph G. Brindis, MD, MPH, FACC. The ACC will also examine an overall access and use policy that would make aggregate ACC-NCDR™ data available to ACC members.
THE FUTURE OF THE ACC-NCDR™
The ACC-NCDR™ continues to strategically align itself with societies such as the STS, National Cardiovascular Network, and the Society for Coronary Angiography and Intervention, which share similar goals of using quality data to measure and improve patient care and outcomes. Importantly, the ACC-NCDR™ and STS continue to work closely to incorporate accepted data standards that allow for less redundant data collection for those who participate in both registries. Standardized definitions of individual data elements enable accurate comparisons to be made both for research purposes and for quality-of-care analysis. The ACC-NCDR™ will become an integral component of the catheterization laboratory continuous quality improvement (CQI) tool kit now being developed under the auspices of the ACC. Performance and outcomes measures collected through the ACC-NCDR™ will offer valuable data for application and use in the creation of future updates of ACC/AHA guidelines related to catheterization, PCI, acute myocardial infarction, unstable angina/non-ST- ACC-NCDR™ elevation myocardial infarction. The ACC-NCDR™ potentially will assist ACC advocacy efforts in the promotion of improvements in individual physician catheterization laboratory performance, supporting catheterization laboratory certification and physician recredentialing. The ACC-NCDR™ is also considering the introduction of additional modules for conditions such as acute coronary syndromes, heart failure, and atrial fibrillation in upcoming years. Copies of the data elements and definitions for Cath Lab Module v1.1 and v2.0b can be downloaded from the ACC-NCDR™ Web site (www.acc.org).
In summary, the ACC-NCDR™ has made significant strides in collecting and reporting meaningful and complete diagnostic catheterization and PCI patient data. The ACC-NCDR™ continues to be a leader in the quest to capture quality catheterization laboratory data in 2001 and beyond and is the most comprehensive comparative database for diagnostic catheterization and PCI in the U.S.
For more information on the ACC-NCDR™, visit www.acc.org, send an e-mail message to ncdr@acc.org, or call 800-253-4636, extension 451.
